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I. INTRODUCTION 
The a v a i l a b i l i t y  of a zero  g r a v i t y  environment f o r  extended 
per iods  of time permits  t h e  c o n t r o l  of an a d d i t i o n a l  parameter i n  
s c i e n t i f i c  experimentation. The processes  i n  which t h e  zero g r a v i t y  
environment can have t h e  most dramat ic  e f f e c t  a r e  those  which involve  
t h e  presence of a l i q u i d  i n  which dens i ty  v a r i a t i o n s  a r e  p re sen t  as a 
r e s u l t  o f  which, convect ive cu r r en t s  a r e  formed. Many of processes  
concerning m a t e r i a l s  involve  t h e  l i q u i d  s t a t e  and, a s  such, a r e  s u b j e c t  
t o  t h e  e f f e c t s  of convection r e s u l t i n g  from gravi ty .  One of t h e  most 
important  of t hese  i s  t h e  s o l i d i f i c a t i o n  of a l i q u i d  i n  a con t ro l l ed  
manner t o  produce a des i r ed  s o l i d .  Crys t a l  growth i s  a technique t h a t  i s  
q u i t e  s e n s i t i v e  t o  t h e  e f f e c t s  of convection during t h e  s o l i d i f i c a t i o n  
process .  As  a r e s u l t  i t  i s  one of t h e  phenomena most s u i t e d  f o r  
examining t h e  p o t e n t i a l  b e n e f i c i a l  e f f e c t s  of a zero g r a v i t y  environment. 
The number of experiments i n  c r y s t a l  growth t h a t  can be  conceived 
i s  almost limitless. One can design many v a r i a t i o n s  of experiments 
u t i l i z i n g  d i f f e r e n t  growth techniques t o  syn thes i ze  any one of many 
p o s s i b l e  c r y s t a l s .  Most of t h e s e  would y i e l d  va luable  s c i e n t i f i c  
in format ion  and would demonstrate what advantages may be der ived  from 
zero  g r a v i t y  growth. However, space technology i s  s t i l l  i n  i t s  infancy  
and t h e  weight,  equipment complexity, and power requirements a r e  l i m i t i n g  
f a c t o r s  i n  any experiment t o  be  conduc:ted. I n  add i t i on  i t  i s  of importance 
t o  cons ider  the  l e v e l  of t r a i n i n g  r equ i r ed  of t he  opera tor  a s  w e l l  a s  
t h e  t i m e  demands of a given experiment i n  order  t o  determine t h e  f e a s i b i l i t y  
of conducting a  worthwhile s tudy i n  an a r e a  which too o f t e n  depends on 
t h e  s k i l l  of an  opera tor .  
When these  cons ide ra t ions  a r e  t o t a l e d  s o l u t i o n  growth becomes 
a  very a t t r a c t i v e  process  f o r  t he  e a r l y  experiments i n  c r y s t a l  growth 
a t  zero g rav i ty .  This  i s  t r u e  f o r  s e v e r a l  reasons:  
1. It i s  fundamentally a  r e l a t i v e l y  low temperature process .  
It depends on t h e  s o l u b i l i t y  of a  given m a t e r i a l  i n  a  so lven t  and no t  on 
t h e  mel t ing  p o i n t  of t h e  ma te r i a l .  As  a  r e s u l t  problems a s soc i a t ed  wi th  
h igh  temperature ope ra t ion  such a s  equipment d e t e r i o r a t i o n ,  high power 
requirements,  and h igh  vapor p re s su re  a r e  minimized. 
2. The s u c c e s s f u l  growth of c r y s t a l s  i s  n o t  a s  dependent on 
v a r i a b l e s  such as minor temperature t r a n s i e n t s  and v i b r a t i o n  a s  o t h e r  
forms of growth which depend on d i r e c t  s o l i d i f i c a t i o n  from t h e  melt .  
3. Solu t ion  growth is  an o l d  and v e r s a t i l e  technique. It has  
gene ra l  a p p l i c a b i l i t y  t o  many compounds and wi th  proper  equipment design,  
can be  used t o  grow a  v a r i e t y  of compounds wi th  only minor modi f ica t ions  
t o  t h e  equipment. I n  a d d i t i o n  i t  i s  a  technique t h a t  i s  p a r t i c u l a r l y  
s e n s i t i v e  t o  convect ion and a s  such can y i e l d  da t a  app l i cab le  t o  determining 
t h e  e f f e c t  of zero g r a v i t y  on c r y s t a l  growth. 
4. It i s  a r e l a t i v e l y  simple method t o  ope ra t e  and, as  a  r e s u l t ,  
r equ i r e s  a minimum of ope ra to r  time dur ing  t h e  experiment. Since complex 
equipment i s  n o t  requi red  and no moving mechanical components a r e  needed, 
t h e  r e l i a b i l i t y  of equipment i s  enhanced and t h e  p r o b a b i l i t i e s  of a  
succes s fu l  run a r e  g r e a t e r .  
The boundary condi t ions  s e t  on t h e  e a r l y  c r y s t a l  growth 
experiments a r e  t h a t  
1. weight of t h e  experimental  package should no t  exceed 10 l b s .  
2. power requirements should n o t  exceed 150 w a t t s  
3.  s a f e t y  s tandards  should not  be  compromised 
4. t h e  a s t ronau t  should not  have t o  devote an excess ive  amount 
of t i m e  t o  t h e  experiment during opera t ion .  
We have met t hese  s tandards  and have s u c c e s s f u l l y  demonstrated t h e  growth 
of c r y s t a l s  i n  our  experimental  package. Although t h e  package i s  designed 
t o  grow experimental  c r y s t a l s  of gal l ium a r sen ide  from a gal l ium so lven t ,  
o t h e r  c r y s t a l s  and d i f f e r e n t  so lven t s  may be  used r o u t i n e l y  wi th  minor 
v a r i a t i o n s  i n  t h e  package. 
11. DESCRIPTION OF SYSTEM 
A. General Design Fea tures  
The boundary condi t ions  l i s t e d  i n  t h e  In t roduc t ion  were of 
n e c e s s i t y  t h e  f i r s t  requirements which had t o  be  s a t i s f i e d .  An 
a d d i t i o n a l  prime requirement was t o  accommodate t h e  c r y s t a l  growing 
ampoules which a r e  e s s e n t i a l l y  of s l ende r  c y l i n d r i c a l  shape. The f i n a l  
package which evolved, shown i n  Drawing 4857D32, i s  t h e r e f o r e  c y l i n d r i c a l ,  
be ing  11-7/16 inches long by 4 inches i n  diameter ,  excluding t h e  f l anges  
which a r e  5-114 inches i n  diameter.  The longer  cy l inde r ,  8-3/16 inches  
comprises t h e  c r y s t a l  growing chamber whereas t h e  s h o r t e r  cy l inde r ,  
3-1/4 inches ,  houses an instrument  package supplemental t o  t h e  c r y s t a l  
growing. 
It was decided a t  t h e  o u t s e t  t h a t  t h e  necessary ampoule 
temperature g rad ien t  would be achieved by applying a s i n g l e  e l e c t r i c a l  
h e a t i n g  element t o  t h e  high-temperature end i n  conjunct ion wi th  a hea t  
s i n k  of designed thermal r e s i s t a n c e  appl ied  t o  t he  lower-temperature 
end of t he  ampoule. This  arrangement i s  i n  c o n t r a s t  w i th  usua l  l abo ra to ry  
p r a c t i c e  which u t i l i z e s  a m u l t i p l e  winding furnace t o  provide two 
temperatures  necessary t o  produce a des i r ed  gradien t .  
A completely hermetic  design wi th  a high vacuum valve  w a s  chosen 
i n  o r d e r  t h a t  a l l  s t o r a g e  and t r a n s p o r t a t i o n  of t he  appara tus  could be 
done while  t h e  system was he rme t i ca l ly  closed.  The va lve  i s  requi red  
i n  o rde r  t h a t  t he  apparatus  may be  opened t o  space and thus  have t h e  
advantage of vacuum i n s u l a t i n g  p r o p e r t i e s  during t h e  c r y s t a l  growing 
experiment. 
A l a r g e  a r e a  f l a n g e  i s  provided a t  t he  co ld  end of t h e  c r y s t a l  
growing chamber i n  o rde r  t o  s e rve  a s  a  thermal conduction i n t e r f a c e  wi th  
an appropr i a t e  h e a t  s i n k  t o  be  provided i n  t h e  space veh ic l e .  The 
instrument  package housing i s  loca t ed  on t h e  ax ia l ly-oppos i te  s i d e  of t h e  
f l ange  i n  o rde r  t o  provide i t  wi th  a  minimum temperature.  The f l ange  
of t h e  c r y s t a l  growing chamber i s  cons t ruc ted  wi th  two in t e r spaced  s e t s  
of e i g h t  mounting holes ,  one s e t  of e i g h t  f o r  mounting t o  t h e  h e a t  s i n k  
and t h e  o t h e r  s e t  f o r  mounting t o  t h e  instrument  housing. 
B. Apparatus Design 
The main housing f o r  t h e  c r y s t a l  growing chamber is  shown i n  
Drawing 253C464. The o u t e r  s t a i n l e s s  s t e e l  can conta ins  a  b u i l t - i n  
r a d i a t i o n  s h i e l d  which i n  t u r n  accepts  t h e  t h r e e  hea t ing  elements and 
t h r e e  h e a t  source  s h i e l d s  a s  shown i n  Drawing 4857D32. The cons t ruc t ion  
u t i l i z e s  mounting p ins  and f i n g e r s  loca ted  i n  such a manner a s  t o  
maximize t h e  l eng th  of pa th  of conducted h e a t  from t h e  h e a t  source  t o  t h e  
o u t e r  housing. I n  add i t i on ,  t h i n  w a l l  cons t ruc t ion  s e c t i o n s  have been 
used i n  order  t o  f u r t h e r  l i m i t  t h e  flow of conducted hea t .  Two r a d i a t i o n  
s h i e l d s  a r e  l oca t ed  between t h e  h e a t  sources and t h e  cold ends of t h e  
ampoules. No r a d i a t i o n  s h i e l d s  a r e  provided a t  t he  co ld  ends of t h e  
ampoules s i n c e  a  s u b s t a n t i a l  amount of thermal conduction i s  purposely 
designed i n t o  t h e  mechanical support  members which connect t h e  f l ange  
t o  t h e  cold ends of t h e  ampoules. 
The Nichrome V hea t ing  elements a r e  wound d i r e c t l y  onto t h e  
h o t  ends of t h e  ampoules. Windings a r e  16 tu rns  of 1 /16  inch  wide r ibbon 
with  t h e  th ickness  s e l e c t e d  t o  match t h e  des i r ed  supply vo l t age  when 
consuming the  requi red  power. I n  o r d e r  t h a t  t h e  hea t ing  r ibbon may be  
s a f e l y  he ld  a t  t h e  des i r ed  spacing on the  ampoule i t  was necessary t o  
g r ind  an accommodating h e l i c a l  groove i n t o  t h e  ou te r  w a l l  of t h e  ampoule 
h o t  ends, a s  shown i n  Drawing 253D438. Two qua r t z  loops a r e  fused 
onto t h e  ampoule wa l l s  nea r  t h e  inward end of t h e  ground h e l i x  t o  s e r v e  
a s  t i e  po in t s  f o r  t h e  ends of t h e  hea t ing  element. A t  t h e  oppos i t e  end 
of t h e  ground h e l i x  a  0.075 inch diameter h o l e  i s  loca t ed  t o  s e r v e  a s  a  
t i e  po in t  and a s  a r o u t e  f o r  t h e  r e t u r n  power l ead  f o r  t h e  end of t h e  
r ibbon which i s  wound t o  t h e  extreme end of t h e  ampoule. Two concen t r i c  
qua r t z  cups f i t  over each hea t ing  element wi th  t h e  r e t u r n  power l e a d  
pass ing  between them a s  shown i n  Drawing 4857D32. Small bore qua r t z  tubes  
enc lose  t h e  r ibbon power l eads  s t a r t i n g  at t h e  te rmina t ion  a t  t h e  qua r t z  
loops previous ly  mentioned and extending t o  t h e  te rmina l  t i e  p o i n t s  l oca t ed  
i n  t h e  instrument  housing. Quar t z  f i b r e  b a t t i n g  ( f e l t )  is f i t t e d  between 
t h e  two qua r t z  cups on each ampoule and a l s o  between t h e  o u t e r  qua r t z  
cups and t h e  i n s i d e  of each of t h e  t h r e e  s t a i n l e s s  s t e e l  cups of t h e  tube  
support  assembly, Drawing 721B942, which holds  t h e  t h r e e  hot  ends of t h e  
ampoules. The qua r t z  b a t t i n g  se rves  t h e  dua l  purpose of a c t i n g  a s  a 
mechanical cushion wh i l e  a l s o  providing added thermal r a d i a t i o n  sh i e ld ing .  
The clamping arrangement f o r  t h e  co ld  ends of t h e  ampoule 
must s e r v e  n o t  only t o  mount and a l i g n  t h e  ampoule bu t  must a l s o  provide  
a  p re sc r ibed  amount of thermal conduction t o  t h e  f l ange  and h e a t  s ink .  
This  cons t ruc t ion  i s  shown i n  Drawings 4857D32, 253C465 and 253C466. 
The conduction i s  l a r g e l y  determined by t h e  geometry s e l e c t e d  i n  
i tems 1 and 2 of Drawing 253C465 and i tem 1 3  of Drawing 253C466. F i n a l  
minor adjustments of conduction may be  made i f  d e s i r e d ,  i n  s e l e c t i o n  
and forming of t h e  packing medium f i t t e d  between t h e  cold end of t h e  
ampoule and t h e  cold-end clamp, and a d d i t i o n a l l y  i n  s e l e c t i o n  of t h e  
conduction rod diameter.  To se rve  t h e  purpose of t h i s  experiment i t  i s  
d e s i r a b l e  t o  1 )  f i l l  t h e  e n t i r e  a r e a  between t h e  clamp and t h e  ampoule 
wi th  t i g h t l y  compacted grade 000 s t e e l  wool and 2 )  use a  114 inch  diameter  
n i c k e l  conduction rod. 
Numerous items a r e  housed i n  t h e  instrument  package: 6  thermo- 
couple r e f e rence  junc t ions ,  2  thermosta t ic  elements,  high vacuum v a l v e ,  
hermet ic  e l e c t r i c a l  r ecep tac l e ,  and mechanical t i e  p o i n t s  f o r  6 thermo- 
couples  and 6 power l eads  from t h e  h e a t i n g  elements.  This  arrangement 
i s  shown i n  Drawing 4857D32. The e l e c t r i c a l  wi r ing  connections a r e  
shown i n  Drawing 253C951. The complete l i s t  of a l l  design drawings 
i s  given i n  Design Spec i f i ca t ion  D763614. 
C. Ampoule Design 
The ampou1.e used i n  t h e s e  c r y s t a l  growing experiments during 
t h e  course  of t h i s  i n v e s t i g a t i o n  was made up of s e v e r a l  components: 
(1) a  qua r t z  tube ,  (2) a  quar tz  d i sk ,  (3) a  qua r t z  plug and f i n g e r s ,  
(4) source  GaAs, (5) seed GaAs, and (6) gal l ium metal.  
The qua r t z  tube  i s  19 mrn O.D.  and 1 3  mm I . D .  A tube wi th  3 mm 
w a l l  th ickness  is  used both f o r  s t r e n g t h  and s o  t h a t  a  s p i r a l  groove 
could be ground i n t o  t h e  w a l l  i n  order  t o  wind a  hea t ing  ribbon on t h e  
ampoule. The h e a t  source i s  descr ibed  i n  Sec t ion  I I B .  
The c losed  end of t h e  qua r t z  tube  i s  a  d i s k  ( s ee  Fig.  
253C438) 114" t h i c k  which is  s e a l e d  on t h e  end of  t h e  qua r t z  tube. 
Grooves a r e  ground on t h i s  c losed  end of t h e  qua r t z  t ube  t o  a  depth of 
0.030" i n  t h e  w a l l  of t h e  3  mm qua r t z  tube. These ground grooves are then  
f i r e  po l i shed  t o  remove smal l  c racks  and s t r a i n s .  The grooves a r e  ground 
8  t h r eads  pe r  inch ,  each groove i s  0.060" wide, and t h e  l eng th  of t h e  
grooved a r e a  i s  2-1/411. A h o l e  0.075" diameter i s  c a v i t a t e d  0.12" from 
t h e  very end of t h e  tube ,  through t h e  114" t h i c k  p l a t e  s e a l e d  over t h e  
end of t h e  tube. A t  a  d i s t a n c e  of 2.781" from t h e  c losed  end of t h e  
q u a r t z  tube  a r e  two loops ,  l abe l ed  "3" i n  Drawing 253C438 sea l ed  onto t h e  
q u a r t z  tube. The loops c o n s i s t  of qua r t z  tubes  cu t  i n  h a l f  a x i a l l y .  
They a r e  then h e a t  s ea l ed  on t h e  oppos i t e  s i d e s  of t h e  qua r t z  tube  l i n e d  
up wi th  t h e  0.075" diameter  h o l e  c a v i t a t e d  through t h e  c losed  end of t h e  
q u a r t z  tube. This  h o l e  and two loops  a r e  used t o  h e l p  wind and hold  t h e  
nichrome r ibbon  i n  p o s i t i o n .  
The t h r e e  i n d e n t a t i o n s  a t  s e c t i o n  "A"-"Att i n  Fig.  2536438 
a r e  used t o  p o s i t i o n  t h e  qua r t z  d i s k  ( see  Fig.  8608032) u n t i l  t h e  d i s k  
i s  s e a l e d  i n t o  p lace .  The purpose of t h e  qua r t z  d i s k  i s  t o  con ta in  t h e  
GaAs source  m a t e r i a l  i n  t h e  h o t  s e c t i o n ,  o r  GaAs source  s e c t i o n ,  of  t h e  
ampoule. O r i g i n a l l y ,  w e  used a  d i s k  wi th  ho l e s  c a v i t a t e d  through t h e  d i s k ,  
however, we found t h a t  t h e  cut-out ve r s ion  of t h e  d i s k  b e t t e r  se rved  
our  purposes.  Cav i t a t i ng  many l a r g e  ho l e s  through t h e  d i s k  r e s u l t e d  
i n  a  h igh  r e j e c t i o n  rate of t h e  d i s k s  because of c rack ing  and chipping 
dur ing  c a v i t a t i o n .  By going t o  a  cut-out d i s k  a s  shown i n  Fig.  8608032 
t h e  r e j e c t i o n  r a t e  was very  low, t h e  ease  of i nc reas ing  t h e  r a t i o  of 
open t o  closed p o r t i o n  of t h e  d i s k  was increased ,  and t h e  chance of t h e  
openings being clogged by GaAs c r y s t a l s  was decreased. 
The s e t  of i nden ta t ions  of "B"-"B" c l o s e s t  t o  t h e  c losed  end 
of t h e  tube was t o  p o s i t i o n  t h e  GaAs seed. The purpose of t h e  next  s e t  
of i nden ta t ions  a t  "Bt'-"B" was t o  p o s i t i o n  the  qua r t z  plug and f i n g e r s .  
The f i n g e r s  r e s t e d  on one s i d e  of t h e  seed and t h e  o t h e r  i nden ta t ions  
( c l o s e s t  t o  t h e  c losed  end of t h e  tube)  supported t h e  o t h e r  s i d e  of t h e  
seed  90" from t h e  f i n g e r s  support  ( see  Fig. 722B216). 
The use  of t h e  plug and f inge r s  was decided a s  an e x c e l l e n t  way 
t o  s e a l  a  tube whi le  t h e  G a A s  and gal l ium were under vacuum, and h e l p  
hold  t h e  seed at t h e  same time. The d i s t ance  between t h e  seed and t h e  
beginning of t h e  s e a l  could be  va r i ed  by simply changing t h e  d i s t a n c e  
between the  pos i t i on ing  of t h e  two s e t s  of i nden ta t ions  a t  s e c t i o n  "B"-"B" 
(Fig. 253C438) and t h e  l eng th  of t h e  f i n g e r s  of t h e  qua r t z  plug and f i n g e r s  
The use  of t h e  plug f o r  s e a l i n g  i s  a  technique which causes l e s s  s t r a i n  
and g r e a t e r  w a l l  s t r e n g t h .  The plug i s  hollow which al lows us t o  u se  a 
h e a t  s i n k  t o  u n i d i r e c t i o n a l l y  remove hea t  from t h e  ampoule. 
111. ASSEMBLY OF SYSTEM 
A. Ampoule Assembly 
1. Mate r i a l s  P repa ra t ion  
The components necessary t o  assemble t h e  ampoule f o r  c r y s t a l  
growing are :  qua r t z  tube  wi th  ground s p i r a l ,  qua r t z  d i sk ,  quar tz  p lug  
and f i n g e r s ,  source  (gal l ium arsenide)  , seed (gal l ium arsenide)  , and 
gallium. They a r e  prepared p r i o r  t o  f i n a l  assembling by a  v a r i e t y  of 
techniques.  
The qua r t z  p i eces  of t h i s  assemblage were a l l  bo i l ed  i n  con- 
c e n t r a t e d  n i t r i c  ac id  f o r  one hour ,  cooled, washed t h r e e  times wi th  
demineralized water ,  drained,  hea ted  overnight  i n  a  c lean  oven maintained 
a t  250°c, and cooled t o  room temperature.  A l l  quar tz  p ieces  were s t o r e d  
a f t e r  c leaning  i n  f l a t  polyethylene tubing.  
The gal l ium metal  (99.9999% gallium) was melted i n t o  8 mrn I . D .  
q u a r t z  tubes.  The tubes f i l l e d  wi th  l i q u i d  gal l ium were cooled i n  l i q u i d  
n i t r o g e n  u n t i l  t h e  d i f f e r e n c e  of c o e f f i c i e n t s  of con t r ac t ion  between 
qua r t z  and gal l ium cracked t h e  tubes.  With t h e  jud ic ious  use  of a  smal l  
hammer t h e  qua r t z  was removed from t h e  c a s t  gal l ium ingo t s  and t h e  gal l ium 
i n g o t s  were placed i n  a  covered beaker  i n  a  r e f r i g e r a t o r  u n t i l  ready f o r  
use. Approximately 75 grams of gal l ium were used pe r  run. 
The GaAs source  m a t e r i a l  cons is ted  of p ieces  approximately 
6 x 6 x 10 mrn i n  s i z e  cu t  from sound p o l y c r y s t a l l i n e  ma te r i a l .  The GaAs 
was mounted wi th  bees wax and r o s i n  f o r  c u t t i n g .  The mounting wax w a s  
removed by b o i l i n g  wi th  t r i c h l o r e t h y l e n e ,  acetone,  and then wi th  methanol. 
The G a A s  was then  bo i l ed  wi th  demineral ized water  twice,  bo i l ed  w i t h  
concent ra ted  hydrochlor ic  a c i d  f o r  1 5  minutes,  and f i n a l l y  r i n sed  wi th  
demineral ized water  s i x  t imes.  The f i n a l  water  washing was then  decanted 
o f f  and t h e  GaAs was placed i n  a  vacuum oven a t  room temperature overn ight .  
Approximately 10 grams of G a A s  were used pe r  run. 
The GaAs seed m a t e r i a l  was from an undoped s i n g l e  c r y s t a l  i ngo t  
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of h igh  e l e c t r o n  mobi l i ty  (> 8,000 cm / v o l t  s e c ) a t  room temperature.  
This would correspond t o  a  p u r i t y  of g r e a t e r  than 99.9999% GaAs. This  
m a t e r i a l  was nominally grown i n  a  < 111 > o r i e n t a t i o n .  Using x-ray 
d i f f r a c t i o n  Laue p a t t e r n s ,  t h e  < 111 > o r i e n t a t i o n  was a sce r t a ined  
+ - 1/2' and s l i c e s  cut .  The th i ckness  of t h e s e  s l i c e s  a f t e r  c u t t i n g  
was about 1 . 5  mm. Disks were then  c a v i t a t e d  (using an u l t r a s o n i c  
v i b r a t o r  w i th  ab ra s ive )  s o  t h a t  a  d i s k  was obtained wi th  a  1 2  mm diameter .  
These d i sks  were then cleaned wi th  t r i c h l o r e t h y l e n e  and e tched  
wi th  a  s o l u t i o n  of H2S04, H202, H20 (5,1,1)  t o  remove any damaged l a y e r  
caused by t h e  diamond saw and c a v i t a t i n g .  
The d i s k s  were mounted on lapping block and lapped smooth on a  
Mazur lapping  machine us ing  305 lapping  powder (5 micron diameter a b r a s i v e ) .  
They were then mechanically pol i shed  on a  Syntron po l i sh ing  machine us ing  
Linde "A" ab ra s ive  (. 1p diameter)  f o r  about 5 hours.  The mounted d i s k  was 
then  given s e v e r a l  quick c leanings  wi th  t r i c h l o r e t h y l e n e  t o  remove t h e  
ab ra s ive  p a r t i c l e .  The l a s t  c l ean ing  was i n  an u l t r a s o n i c  v i b r a t o r .  
The mounted d i s k s  were then placed i n  a  f l a t  bottomed j a r  wi th  a  very  
smooth f l a t  t e f l o n  d i s k  a t  t h e  bottom of t h e  j a r .  The j a r  was mounted 
a t  a  45' angle  from t h e  ho r i zon ta l .  The mounted d i s k s  of GaAs were 
placed upon t h e  t e f l o n  d i s k  and a  s o l u t i o n  of H2S04 and H202 (16: l )  was 
in t roduced  so  t h a t  t h e  s o l u t i o n  l e v e l  was above t h e  GaAs. The j a r  
was then  r o t a t e d  t o  g ive  motion between t h e  f l a t  t e f l o n  and t h e  GaAs 
seed wi th  a  t h i n  f r e s h  l a y e r  s f  etchaxtt. This  was t h e  chemical p o l i s h i n g  
phase of t h i s  seed su r f ace  prepara t ion .  
I f  t he  f ace  t h a t  i s  exposed t o  t h e  po l i sh ing  i s  the  (111) o r  
ga l l ium face ,  t h e  su r f ace  t akes  on a  very good mir ror  po l i sh .  However, 
i f  t h e  same technique i s  used on a  ( i i i )  o r  a r s e n i c  f a c e ,  the  s u r f a c e  
takes  on a  matte  appearance. 
Af t e r  t h e  chemical po l i sh ing  t h e  d i sks  were dismounted wi th  
b o i l i n g  t r i c h l o r e t h y l e n e  and t r e a t e d  i n  t h e  same manner a s  t h e  GaAs 
source  m a t e r i a l  was a s  descr ibed above. 
The f i n a l  s i z e  of t h e  < 111 > or i en ted  GaAs seeds a f t e r  
po l i sh ing  and c leaning  was approximately 12 mm i n  diameter x  1.2 mm i n  
th ickness .  The weight of t hese  seeds was approximately 0 .8  grams. 
Growth was attempted wi th  e i t h e r  t h e  (111) f a c e  (gallium) toward t h e  hot  
end of  t he  ampoule o r  wi th  t h e  (iii) f a c e  ( a r sen ic )  toward t h e  ho t  end 
of t h e  ampoule. 
2. Loading and Sea l ing  
The qua r t z  tube  (Drawing 253C438) was weighed, a  weighed amount 
of GaAs source  m a t e r i a l  was placed i n  t h e  bottom (closed of f  p o r t i o n  of 
t h e  tube)  and t h e  qua r t z  d i s k  (Drawing 8608032) was placed i n  p o s i t i o n  
s o  t h a t  t h e  t h r e e  inden ta t ions  a t  Sect ion "A1'-"A", Drawing 253C438, 
were immediately below t h e  non cut-out po r t ions  of t h e  qua r t z  d isk .  
When the  tube was i n  a  v e r t i c a l  p o s i t i o n  wi th  t h e  open end a t  t h e  top ,  
t h e  qua r t z  d i s k  r e s t e d  on t h e  3  inden ta t ions  a t  Sec t ion  "A"-"A". The 
tube was placed on a  vacuum system i n  t h i s  same v e r t i c a l  mode and evacuated 
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t o  a  p re s su re  of l e s s  than  10 t o r r .  By us ing  a  hand to rch  (oxygen- 
hydrogen) h e a t  was app l i ed  t o  t h e  t h r e e  a r eas  immediately above t h e  3 
i nden ta t ions  of t h e  qua r t z  tube  s o  t h a t  t h e  qua r t z  tube  w a l l  flowed 
t o  t h e  non cut-out po r t ions  of t h e  quar tz  d isk .  The qua r t z  d i sk  was 
sea l ed  t o  t he  qua r t z  w a l l  of t h e  tube a t  3  p o s i t i o n s .  The s e a l i n g  
opera t ion  was performed under vacuum t o  prevent  t h e  formation of amorphous 
qua r t z  which i s  a p t  t o  form when hea t ing  qua r t z  t o  t he  y i e l d  po in t  i n  t he  
presence of moisture and/or  oxygen. In  add i t i on  the  vacuum i s  necessary  
during t h i s  ope ra t ion  t o  prevent  ox ida t ion  of t he  GaAs source ma te r i a l .  
To prevent  t h e  GaAs from becoming overheated, a wet paper towel was 
pos i t i oned  around t h e  lower p o r t i o n  of t he  qua r t z  tube, beginning immediately 
below t h e  3 inden ta t ions .  I n  t h i s  way the  GaAs was no t  only no t  s u b j e c t  
t o  ox ida t ion  b u t  was prevented from even be ing  hea ted  dur ing  t h e  s e a l i n g  
of t h e  qua r t z  d i s k  t o  t h e  qua r t z  tube wa l l .  
The c a s t  ga l l ium ingo t s  (8 mm diameter)  were removed from t h e  
r e f r i g e r a t o r  and placed i n  a vacuum oven a t  room temperature t o  remove 
any moisture.  Approximately 75 grams of t h i s  c a s t  gal l ium were placed 
i n  a  beaker w i th  a watch p l a t e  cover and the  ingo t s  were covered wi th  
l i q u i d  n i t rogen .  I f  an ingo t  of gal l ium a t  room temperature were allowed 
t o  s l i d e  down t h e  s i d e  of t h e  qua r t z  tube,  t h e  ingo t  would leave  a smear 
of gal l ium on the  w a l l  of t he  tube because of t h e  m a l l e a b i l i t y  of gal l ium 
a t  room temperature.  A t  lower temperatures no such problem arose.  
Ingots  of gal l ium were loaded (handled wi th  t e f l o n  coated 
forceps)  i n t o  the  qua r t z  tube wi th in  112" of t he  top of t h e  qua r t z  tube. 
These ingo t s  should pass through t h e  inden ta t ions  a t  s e c t i o n s  "B"-"B" 
(Drawing 253C438) and t h e  bottom ingo t  should r e s t  on the  qua r t z  d isk  
sea l ed  t o  t h e  ampoule w a l l  j u s t  above s e c t i o n  "AH-"A". This loading should 
proceed quick ly  and t h e  qua r t z  tube should then be  evacuated t o  a  p re s su re  
of about l o y 5  t o r r .  
Heat was a p p l i e d  t o  t h e  bot tom g a l l i u m  i n g o t  around t h e  d i s k  t o  
m e l t  t h e  i n g o t .  Th i s  h e a t i n g  was done w i t h  a  r e l a t i v e l y  c o o l  f lame.  
When a l l  t h e  g a l l i u m  was mel ted,  t h e  t empera tu re  was ai lowed t o  c o o l  t o  
room tempera tu re ,  w h i l e  t h e  q u a r t z  t u b e  was s t i l l  under  vacuum. The l i q u i d  
g a l l i u m  w a s  t h e n  h e a t e d  t o  abou t  50°C and t h e  q u a r t z  t u b e  was removed 
from t h e  vacuum system. More g a l l i u m  i n g o t s  were loaded  i n  t h e  t u b e ,  t h e  
t u b e  was evacua ted ,  t h e  g a l l i u m  was mel ted.  Th is  o p e r a t i o n  was r e p e a t e d  
u n t i l  t h e  l i q u i d  l e v e l  o f  t h e  g a l l i u m  was about  even w i t h  t h e  t o p  of t h e  
lower  set of t h e  i n d e n t a t i o n s  a t  "B"-"B" ( s e e  F ig .  253C438). The reason  
f o r  h e a t i n g  t h e  l i q u i d  g a l l i u m  t o  50°C w a s  t o  p r e v e n t  t h e  g a l l i u m  from 
f r e e z i n g  i n  t h e  t u b e  w h i l e  add ing  a d d i t i o n a l  coo led  g a l l i u m  i n g o t s .  
The GaAs seed  ( p r e v i o u s l y  weighed) was t h e n  p o s i t i o n e d ,  p a s t  t h e  
t o p  s e t  o f  i n d e n t a t i o n s  a t  "B"-"B", r e s t i n g  on top  of t h e  lower  set of  
i n d e n t a t i o n s  at "Bt'-"B" . The q u a r t z  p l u g  and f i n g e r s  (Drawing 860A250) 
was t h e n  lowered i n t o  p o s i t i o n  w i t h  t h e  f i n g e r s  r e s t i n g  on o r  a lmos t  
r e s t i n g  on t h e  GaAs seed .  The t o p  of t h e  f i n g e r s  had t o  go i n  between 
t h e  upper  s e t  of i n d e n t a t i o n s .  The assembled t u b e  was t h e n  evacua ted .  
- 5  When t h e  p r e s s u r e  was less t h a n  1 0  t o r r ,  t h e  g a l l i u m  was h e a t e d  u s i n g  
a hand t o r c h  t o  about  300°C t o  remove most o f  t h e  gas  e n t r a p p e d  by t h e  
ga l l ium.  G e n t l e  t a p p i n g  h e l p e d  t h e  e n t r a p p e d  gas  l e a v e  t h e  t u b e .  The 
t u b e  remained on t h e  vacuum sys tem o v e r n i g h t .  By morning t h e  p r e s s u r e  
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was u s u a l l y  less t h a n  1 0  t o r r .  
A  wet paper  towel  was draped around t h e  t u b e  immediate ly  below 
t h e  upper  set of i n d e n t a t i o n s  a t  "B"-"B" t o  p reven t  h e a t i n g  o f  t h e  s e e d  
and gal l ium.  By c a r e f u l l y  h e a t i n g  t h e  q u a r t z  tube  w a l l  immediate ly  above 
t h e  upper s e t  of i nden ta t ions  a t  "B"-"B", t h e  qua r t z  tube w a l l  was co l lapsed  
on the  o u t e r  w a l l  of t h e  plug of t h e  qua r t z  plug and f i n g e r s .  The hand 
to rch  was used t o  make t h i s  sea l -of f  around t h e  e n t i r e  circumference and 
then  around t h e  r e s t  of t h i s  plug. This i s  c r i t i c a l  s i n c e ,  i f  too  much 
h e a t  i s  appl ied  i n  making t h i s  s e a l ,  t h e  i n n e r  w a l l  of t h e  qua r t z  plug 
w i l l  deform and even co l lapse .  I f  even apprec iab le  deformation occurs  
i n  t h i s  i n n e r  w a l l  of t h e  plug,  t h e  hea t  s i n k  cannot be  s e t .  When t h e  
s e a l e d  o f f  tube cooled t o  room temperature,  i t  was removed from t h e  vacuum 
system. A measurement was made from t h e  bottom of t h e  qua r t z  tube t o  a  
po in t  6-718" up, s i n c e  t h e  appara tus  which i s  designed t o  hold t h i s  tube  
during t h e  c r y s t a l  growth runs can use a  tube no longer  than  7". A t  t h i s  
mark of 6-718" t h e  end of t h e  tube  was cu t  o f f  on a  s i l i c o n  carb ide  cut-off 
wheel. The tube  which had i t s  end cut-off was then  f i r e  po l i shed  t o  s e a l  
up a l l  microcracks which developed during the  cut-off .  This s ea l ed  tube  
comprises our c r y s t a l  growth ampoule. I n  Drawing 722B216 we can s e e  t h e  
ske t ch  of t he  qua r t z  tube  ( I ) ,  t he  qua r t z  d i sk  sea l ed  i n  p l ace  (2), 
t h e  GaAs seed ( 4 ) ,  h e l d  by t h e  f i n g e r s  (3) of t he  p lug  and f i n g e r s  and by 
the  lower s e t  of i nden ta t ions  c a l l e d  "B"-"B" i n  Drawing 253C438. 
The ampoule must be maintained a t  a  temperature i n  excess  of 
30°C t o  prevent  t he  gal l ium from f r eez ing  and thereby cracking t h e  
ampoule. 
B. Apparatus Assembly 
1. Crys t a l  Growing Chamber 
The bench assembly f i x t u r e ,  Drawing 253C505, i s  e s s e n t i a l  t o  
assembly of t h e  c r y s t a l  growing a p p a r a t u s .  With t h i s  f i x t u r e  , a l l  mount- 
i n g  and a l ignment  of t h e  ampoules and a c c e s s o r y  p a r t s  may be  c a r r i e d  o u t  
complete ly  independen t ly  of t h e  hous ings  f o r  t h e  c r y s t a l  growing 
compartment and t h e  i n s t r u m e n t  package.  It would o t h e r w i s e  b e  ve ry  
d i f f i c u l t  i f  n o t  i m p o s s i b l e  t o  p r o p e r l y  assemble  t h e  system. 
P r i o r  t o  assembly o f  t h e  ampoules i n  t h e  a p p a r a t u s ,  t h e  h e a t i n g  
e lements  must b e  wound on to  t h e  ampoules and a f f i x e d  a t  t h e  q u a r t z  
t e r m i n a t i o n  loops .  To do t h i s  a s i n g l e  t h i c k n e s s  o f  r ibbon  shou ld  b e  p a s s e d  
w i t h  a s i n g l e  f u l l  t u r n  through one t e r m i n a t i o n  loop ,  wound a long  t h e  ground 
h e l i c a l  groove,  f e d  through t h e  0 .075 i n c h  d iamete r  h o l e  a t  t h e  end of t h e  
h e l i x ,  passed th rough  t h e  h o l e  i n  t h e  q u a r t z  cup, Drawing 721B919, and 
f i n a l l y  r e t u r n e d  a l o n g  t h e  o u t s i d e  w a l l  of  t h e  q u a r t z  cup t o  t h e  r e t u r n  
q u a r t z  t e r m i n a t i o n  loop  t o  which i t  shou ld  b e  a f f i x e d  w i t h  a s i n g l e  f u l l  
t u r n .  From t h e  t e r m i n a t i o n  loops  t h r e e  t h i c k n e s s e s  of h e a t i n g  e lement  
r ibbon ,  f o r  reduced h e a t  p r o d u c t i o n  shou ld  be  a t t a c h e d  f o r  l a t e r  c o n n e c t i o n  
t o  t h e  h e a t i n g  e lement  t i e  p o i n t s ,  Drawing 4857D32, i t e m  15 ,  i n  t h e  
i n s t r u m e n t  package. 
I n  o r d e r  t h a t  t h e  ampoules may b e  mounted, i t  i s  f i r s t  n e c e s s a r y  
t o  mount t h e  a l ignment  p l a t e  sub-assembly, Drawing 253C465 i n t o  i t e m  3 
o f  t h e  f i x t u r e  assembly,  Drawing 2536505. A f t e r  t h e  h e a t  s h i e l d  sub- 
assembly,  Drawing 721B960, i s  a f f i x e d  t o  t h e  a l ignment  p l a t e  sub-assembly 
t h e  f i r s t  ampoule may b e  mounted i n t o  t h e  s p l i t  t u b e ,  Drawing 253C465, 
i t e m  2. P r e p a r a t o r y  t o  mounting t h e  ampoule, t h e  s p l i t  t u b e  shou ld  b e  
l i n e d  w i t h  a s u i t a b l y  pre-formed c y l i n d e r  of pre-c leaned grade 000 s t e e l  
wool. The ampoule must b e  o r i e n t e d  such t h a t  t h e  h e a t i n g  e lement  r e t u r n  
ribbon, which pas ses  a x i a l l y  along t h e  qua r t z  cup, is  f ac ing  t h e  o u t s i d e  
w a l l  of t he  c r y s t a l  growing housing. A f t e r  the  ampoule has been f i t t e d  
i n t o  the  steel-wool-lined s p l i t  tube,  t h e  120' spaced s e t  screws, i t em 9 ,  
Drawing 253C466, may be  t igh tened  l i g h t l y .  It is  necessary t o  s a t i s f y  
two requirements i n  t i gh ten ing  t h e  s e t  screws, 1 )  t h e  ampoule must be 
a l igned  e x a c t l y  a s  subsequently requi red  f o r  f i t t i n g  t o  t h e  tube  suppor t  
sub-assembly, Drawing 721B942, and 2 )  s u f f i c i e n t l y  t igh tened  i n  o r d e r  
t o  be  r i g i d  and t o  provide good thermal  conduction through t h e  compacted 
s t e e l  wool. To ob ta in  proper  alignment wi th  t h e  tube support  sub-assembly 
a cut-and-try procedure must be made by temporari ly  p lac ing  t h e  tube  
support  sub-assembly i n t o  i tem 2 of t h e  f i x t u r e  assembly, t ak ing  c a r e  t h a t  
t he  key and keyway a r e  mated. By c a r e f u l  adjustment of t h e  s e t  screws the  
ampoule h o t  end must be made t o  cen te r  exac t ly  i n t o  t h e  proper  cup of t h e  
tube suppor t  sub-assembly. The remaining two ampoules should b e  mounted i n  
a l i k e  manner. These s t e p s  must be made wi th  the  s t o p ,  Drawing 8598983, 
removed from t h e  bench assembly f i x t u r e .  
Next t he  t h r e e  longer  thermocouples must be  fed  through t h e  
c e n t e r  l i n e  thermocouple ho le s  and formed t o  l i e ,  one t o  each ampoule, 
aga ins t  t h e  o u t e r  w a l l  of t h e  sma l l e r  qua r t z  cup a t  a p o s i t i o n  n e a r e s t  
t o  and p a r a l l e l  t o  t h e  c e n t e r  a x i s  of t h e  assembly. Thus they  w i l l  b e  
180' oppos i te  t h e  hea t ing  element r e t u r n  ribbons on each ampoule. The 
junc t ions  of t h e  thermocouples should be pos i t ioned  one inch  inward from 
t h e  end of each ampoule. The handl ing of t he  thermocouples i n  t h e  instrument  
package w i l l  b e  descr ibed l a t e r  i n  t hese  i n s t r u c t i o n s .  
The l a r g e r  q u a r t z  cups,  Drawing 721B920, shou ld  b e  comple te ly  
l i n e d ,  bottom and s i d e ,  w i t h  pre-formed q u a r t z  b a t t i n g  and t h e n  s l i p p e d  
o n t o  t h e  t h r e e  s m a l l e r  q u a r t z  cups ,  Drawing 721B919, which had p r e v i o u s l y  
been mounted o n t o  t h e  ampoule h o t  ends .  Care s h o u l d  b e  t a k e n  t o  e n c l o s e  
t h e  t h r e e  thermocouples i n  t h i s  s t e p .  The t h r e e  s t a i n l e s s  s t e e l  cups  o f  t h e  
t u b e  s u p p o r t  sub-assembly shou ld  b e  s i m i l a r l y  l i n e d  w i t h  q u a r t z  b a t t i n g  i n  
p r e p a r a t i o n  f o r  i t  t o  b e  s l i p p e d  a s  a  u n i t ,  o n t o  t h e  t h r e e  ampoule h o t  
ends .  Before  t h i s  s t e p  i s  t a k e n ,  i t  shou ld  b e  determined t h a t  t h e  ampoules 
a r e  a x i a l l y  p o s i t i o n e d  a c c u r a t e l y  such  t h a t  t h e  ends  of t h e  ampoules a r e  
e q u a l l y  spaced  t o  ex tend  e x a c t l y ,  w i t h  some compression of t h e  q u a r t z  
b a t t i n g ,  t o  t h e  bot tom of  each of t h e  cups of t h e  t u b e  s u p p o r t  sub-assembly. 
For t h i s  f i t t i n g  t h e  bench f i x t u r e  s t o p  must b e  mounted i n  i t s  normal 
p o s i t i o n .  
The t h r e e  n i c k e l  h e a t  conduct ing rods ,  i t e m  13 ,  Drawing 253C466, 
and t h e  cups,  i t e m  8, may n e x t  b e  approx imate ly  f i t t e d  t o  t h e  t h r e e  ampoules. 
A f t e r  t h e  approximate  f i t t i n g  t h e  n i c k e l  rods  s h o u l d  b e  c u t  t o  a p p r o p r i a t e  
l e n g t h s  t o  f i t  t h e  ampoule cold-end c a v i t i e s .  The ends o f  t h e  n i c k e l  r o d s  
s h o u l d  b e  w e t t e d  by b e i n g  mechan ica l ly  a b r a i d e d  w i t h  l i q u i d  ga l l ium.  
A gal l ium-wet ted n i c k e l  wool pad shou ld  n e x t  b e  p l a c e d  i n t o  p o s i t i o n  
i n  t h e  bot tom of  each  ampoule cold-end c a v i t y .  The n i c k e l  r o d s  may t h e n  
b e  permanent ly  mounted and t i g h t e n e d  a g a i n s t  t h e  n i c k e l  pads by s c r e w d r i v e r  
ad jus tment .  The n u t  and l o c k  washer shou ld  f i n a l l y  b e  a p p l i e d  i n  o r d e r  
t o  l o c k  t h e  p o s i t i o n .  
Quar tz  t u b i n g  2.35 mm b o r e  X 4.80 mm O.D. shou ld  n e x t  b e  s l i p p e d  
o v e r  t h e  h e a t i n g  e lements .  T h i s  t u b i n g  may be  c u t  t o  convenient  l e n g t h s  
f o r  t h i s  purpose  making c e r t a i n  t h a t  no r ibbon  i s  a l lowed t o  b e  exposed 
a t  any po in t  where e l e c t r i c a l  contac t  may occur.  
The t h r e e  s h o r t e r  thermocouples may now be fed  i n  through t h e  
cen te r  ho le  and gen t ly  bent  i n t o  a 180' curve such t h a t  they w i l l  l i e  
f l a t l y  aga ins t  t h e  ampoules w i t h  t h e i r  junc t ions  exac t ly  ad jacent  t o  t h e  
seeds.  The f i r s t  ampoule and thermocouple should then  be wrapped w i t h  an  
overlapped f u l l  t u r n  of f u l l  th ickness  b a t t i n g  and t i e d  i n  p l ace  wi th  two 
o r  t h r e e  t u r n s  of qua r t z  cordage. This wrapped a r e a  should then  be drawn 
t i g h t l y  by t h e  thermocouple clamp, Drawing 8618149. The remaining two 
ampoules and thermocouples should be  prepared i n  a l i k e  manner. 
The c y l i n d r i c a l  po r t ion  of t h e  tube  suppor t  sub-assembly, 
Drawing 721B942, should then  b e  wrapped wi th  qua r t z  b a t t i n g  between t h e  
end p l a t e s  and t i e d  wi th  qua r t z  cordage. I n  a s i m i l a r  manner, qua r t z  
b a t t i n g  and cordage should be  appl ied  t o  t h e  ampoules, 1 )  i n  t h e  reg ion  
between t h e  tube  support  sub-assembly and t h e  f i r s t  b a f f l e ,  2) between 
the  two b a f f l e s ,  i t em 6, Drawing 253C466, and 3 )  between t h e  second 
b a f f l e  and t h e  s p l i t - t u b e  clamp. 
2. Instrument Package 
One l e a d  from each of t h e  hea t ing  elements should be combined 
i n t o  a s i n g l e  l e a d  and spot-welded t o  provide good contac t .  The o t h e r  
t h r e e  l eads  from each h e a t e r  should th.en b e  combined s i m i l a r l y .  The two 
new l eads  should be  looped through t h e  most convenient ho les  i n  t he  
te rmina t ion  plug, Drawing 861A030, and s i l v e r  brazed t o  t he  f i n a l  two l eads  
f o r  subsequent connection t o  t h e  hermetic  e l e c t r i c a l  r ecep tac l e ,  p ins  
21 and 24 a s  shown i n  t h e  Wiring Diagram, Drawing 253C951. 
Before t h e i r  assembly i n t o  the  c r y s t a l  growing chamber, t h e  
thermocouples should be  mounted and brazed i n t o  t h e  thermocouple p l a t e ,  
Drawing 861A047, such t h a t  t h e  s h e a t h s  p r o j e c t  approximately  112 i n c h  
beyond t h e  p l a t e .  Also p r i o r  t o  t h e i r  assembly i n t o  t h e  c r y s t a l  growing 
chamber, a one t u r n  loop  shou ld  b e  formed i n  each thermocouple such  t h a t  
t h e  l o o p  w i l l  occur  between t h e  mounting p l a t e ,  i t e m  1 6 ,  Drawing 4857D32, 
and i t e m  7, Drawing 253C466 when t h e y  a r e  mounted i n  t h e i r  f i n a l  
p o s i t i o n s .  The loops  shou ld  b e  of roughly one i n c h  d iamete r  w i t h  t h e i r  
axes  p a r a l l e l  t o  t h e  ampoule a x i s .  
The s t o r a g e  t h e r m o s t a t s ,  i t e m  28, Drawing 4857D32 may now b e  
i n s t a l l e d  on t h e  mounting p l a t e .  These t h e r m o s t a t s  a r e  r e q u i r e d  i n  o r d e r  
t o  p r e v e n t  f r e e z i n g  o f  t h e  g a l l i u m  d u r i n g  s t o r a g e  p e r i o d s .  One s e r v e s  t o  
c o n t r o l  a low v o l t a g e  e l e c t r i c a l  power i n  o r d e r  t o  m a i n t a i n  a s a f e  
t e m p e r a t u r e  and t h e  o t h e r  i s  des igned  t o  a c t i v a t e  an  alarm i n  t h e  e v e n t  
t h a t  t h e  t empera tu re  shou ld  approach t h e  f r e e z i n g  p o i n t  o f  g a l l i u m .  
The c i r c u i t  arrangement i s  shown i n  Drawing 253C951. Next t h e  s p a c e r s ,  
i t e m  6,  Drawing 4857D32, may b e  i n s t a l l e d  and t h e  mounting p l a t e ,  i t e m  1 6 ,  
p o s i t i o n e d  o n t o  them. Th is  b e i n g  done, t h e  thermocouple p l a t e  and  
t e r m i n a t i o n  p l u g  w i l l  b e  i n  approximate  a l ignment  w i t h  t h e  mounting p l a t e  
and s h o u l d  b e  moved i n t o  e x a c t  p o s i t i o n  and permamently f i x e d .  The 
thermocouple r e f e r e n c e  j u n c t i o n s ,  i t e m  9 ,  Drawing 4857D32, shou ld  t h e n  
b e  mounted o n t o  t h e  thermocouple r e f e r e n c e  j u n c t i o n  mounting p l a t e ,  i t e m  
13 ,  and i t e m  1 3  shou ld  t h e n  b e  mounted t o  i t e m  1 6  by means o f  t h e  s p a c e r s ,  
i t e m  12. The h e r m e t i c  e l e c t r i c a l  r e c e p t a c l e ,  i t e m  18,  Drawing 4857D32, 
s h o u l d  t h e n  b e  wi red  accord ing  t o  t h e  Wiring Diagram, Drawing 253C951. 
The w i r i n g  shou ld  b e  done w i t h  s u f f i c i e n t  s l a c k  t h a t  t h e  r e c e p t a c l e  may 
l a t e r  b e  pushed inward t e m p o r a r i l y  t o  a l l o w  t h e  ins t rument  hous ing ,  i t e m  
3, Drawing 4857D32, t o  be  passed  o v e r  t h e  i n s t r u m e n t  package. 
The assembly may next  be removed from t h e  bench assembly f i x t u r e  
and mounted i n  t h e  c r y s t a l  growing housing,  itern 1, Drawing 4857D32, wi th  
c a r e  be ing  taken  t o  a l i g n  t h e  keyway of t h e  tube support  sub-assembly wi th  
t h e  key of t h e  c r y s t a l  growing housing. The instrument  package housing 
may then  be  mounted f lange-to-f lange wi th  t h e  c r y s t a l  housing. The 
assembly i s  completed by p u l l i n g  t h e  hermet ic  r e c e p t a c l e  i n t o  i t s  mounting 
h o l e  and t i g h t e n i n g  t h e  mounting nut .  
The completed assembly, i nc lud ing  t h e  instrument  package and 
ampoules, has  a t o t a l  weight of 8 pounds, 1 3  ounces. 
I V .  OPERATIONAL RESULTS 
A. Power and Temperature  R e l a t i o n s h i p  
Power and t empera tu re  v a l u e s  a s  observed w i l l  v a r y  somewhat from 
sample t o  sample because  o f  s m a l l  b u t  unavo idab le  v a r i a t i o n s  i n  ampoule 
dimensions and because  t h e  t empera tu res  a r e  measured a t  p o i n t s  l y i n g  w i t h i n  
r e g i o n s  hav ing  c o n s i d e r a b l e  t empera tu re  g r a d i e n t s .  I n  one t y p i c a l  e x p e r i m e n t a l  
run ,  a c o n s t a n t  power l e v e l  of 31.5 w a t t s  f o r  a g iven  ampoule produced 
s t e a d y - s t a t e  source-end and seed-end t empera tu res  o f  718°C and 488"C, 
r e s p e c t i v e l y .  The source-end thermocouple j u n c t i o n  w a s  l o c a t e d  
approximately  314 i n c h  inward from t h e  h o t  end o f  t h e  ampoule and t h e  seed- 
end thermocouple was l o c a t e d  a x i a l l y  a d j a c e n t  t o  t h e  seed  l o c a t i o n .  The 
source-end thermocouple was s i t u a t e d  between t h e  two q u a r t z  cups whereas  
t h e  seed-end thermocouple was s t r a p p e d  d i r e c t l y  a g a i n s t  t h e  ampoule b y  
means of an i n s u l a t e d  clamp, Drawing 8618149. 
B. Vol tage Requirement 
The h e a t i n g  e lements  of t h e  d e l i v e r e d  a p p a r a t u s  have been  des igned  
t o  r e q u i r e  23 v o l t s  i n  o r d e r  t o  consume approximately  89 w a t t s  which i s  
n e c e s s a r y  i n  o r d e r  t o  p rov ide  t h e  i n t e n d e d  ampoule t empera tu res .  
C. Hea t ing  and Cool ing Ra tes  
The r a t e s  of h e a t i n g  i n  t h e  above-mentioned example a r e  shown 
i n  Fig .  1 and t h e  r a t e s  of c o o l i n g  a r e  shown i n  F ig .  2 ,  A l l  t e s t s  were  
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conducted i n  a b e l l  j a r  wi th  vacuum maintained a t  approximately 10 
t o r r .  The e n t i r e  u n i t  was mounted on a h e a t  s i n k  which was i n  t u r n  
mounted on a water-cooled pos t .  
D. CrystaPGrowth 
A number of experiments have been conducted u t i l i z i n g  t h e  
ampoule a s  descr ibed  above wi th  a nichrome h e a t i n g  element a s  we l l  a s  an 
ampoule wi thout  a s p i r a l  bu t  us ing  a v e r t i c a l  two-zone furnace a s  a h e a t  
source.  
I n  most cases  t h e  temperature g rad ien t  was 700°C a t  t h e  GaAs 
source  end of t h e  ampoule and 500" a t  t h e  seed end. The furnace  g r a d i e n t  
was s e t  s o  t h a t  t h e  upper furnace c o n t r o l l e d  t h e  source end of t h e  ampoule. 
The r e s u l t s  obtained us ing  t h e  nichrome r ibbon h e a t  were t h e  
same a s  those  obta ined  using t h e  v e r t i c a l  two-zone furnace.  
The e a r l y  experiments were made us ing  a p o l y c r y s t a l l i n e  seed 
and a l l  t h e  more r ecen t  experiments were made us ing  s i n g l e  c r y s t a l  seeds  
wi th  t h e  (111) o r i e n t a t i o n  (gal l ium s u r f a c e )  f ac ing  t h e  ho t  end of t h e  
ampoule o r  w i th  t h e  (771) o r i e n t a t i o n  ( a r s e n i c  s u r f a c e )  f ac ing  t h e  ho t  
end of t h e  ampoule. Although the  number of experiments performed h a s  n o t  
been la rge ,  cons ider ing  t h e  v a r i a b l e s  which have been changed, we f e e l  we 
can make c e r t a i n  conclusive s ta tements ,  and c e r t a i n  o the r  s ta tements  t h a t  seem 
reasonable,  b u t  a r e  no t  v e r i f i e d .  
The f i r s t  conclusive s tatement  is  t h a t  GaAs has been grown by 
s o l u t i o n  growth i n  a thermal grad ien t  us ing  the  techniques ou t l i ned  i n  t h i s  
r e p o r t .  The GaAs c r y s t a l s  grown i n  t h e s e  experiments were: 
1. e p i t a x i a l  on t h e  ( i i i )  s u r f a c e  ( the  a r s e n i c  su r f ace )  
of t h e  GaAs seeds 
2 .  non-epi tax ia l  on t h e  (111) s u r f a c e  ( the  gallium su r face )  
of the  GaAs seeds 
3. se l f -nuc lea ted  GaAs nuclea ted  on the  qua r t z  w a l l  of the  ampoule 
and on the  seed. 
Most of t he  experiments were conducted f o r  100 hours ,  however, 
t h e  l a s t  two experiments were run f o r  200 hours .  There was s i g n i f i c a n t l y  
more e p i t a x i a l  growth on the  200 hour experiments than  on t h e  100 hour 
experiments,  confirming t h a t  t he  amount of e p i t a x i a l  growth i s  a f u n c t i o n  
of time. 
The se l f -nuc lea ted  growth a l s o  i s  a func t ion  of time. 
C r y s t a l l i t e s  approximately 2 mrn cubed were q u i t e  common, 3 mm cubed were 
n o t  unusual,  and some 4 mm cubed c r y s t a l l i t e s  were obtained.  A 
d i f f e r e n c e  between a 100 hour experiment and a 200 hour experiment was 
the  number of 3 and 4 mm cubed c r y s t a l l i t e s  were g r e a t e r  f o r  t he  longer  runs. 
I n  a l l  experiments t h e r e  was obvious a t t a c k  on t h e  s u r f a c e  f ac ing  
the  co ld  end of t h e  ampoule. The a t t a c k  on t h i s  s u r f a c e  i s  most probably 
explained by s o l u t e  t r a n s p o r t  from t h e  seed through the  s o l u t i o n  t o  t he  
co ldes t  po r t ion  of t h e  ampoule. This volume between t h e  seed  and t h e  
co ldes t  po r t ion  of t h e  ingot  (about 1 cm long) conta ins  a convect ion c e l l  
i n  which t h e  cold su r f ace  of t h e  seed a c t s  a s  a source of s o l u t e  and t h e  
co ldes t  end of t he  ampoule a c t s  a s  a nuc lea t ion  s i t e .  
Since h e a t  i s  flowing from t h e  h o t t e r  po r t ion  of t h e  s o l u t i o n  i n  
f r o n t  of t h e  seed  t o  t h e  coo le r  po r t ion  i n  back of t h e  seed, one might 
expect  an a t t a c k  a t  some p o r t i o n  of t h e  seed t o  reduce t h e  impediment 
t o  h e a t  flow: t h e  seed would have a much lower thermal conduct iv i ty  
than the liquid so lu t ion .  I n  a l l  experiments a ho le  developed i n  t h e  seed 
which encompassed between 10-30% of t he  growing sur face .  It was noted t h a t  
t h i s  h o l e  developed next  t o  one of t he  f i n g e r s  of t he  plug and f i n g e r s ,  The 
reason f o r  t h i s  i s  no t  completely understood. 
There is  a l s o  a  d e f i n i t e  d i f f e r ence  i n  t he  observed growth on a  
(111) su r f ace  ( the  gal l ium face ) ,  and t h e  ( i i i )  su r f ace  ( the  a r s e n i c  f a c e ) .  
Very l i t t l e  growth w a s  even observed on t h e  (111) s u r f a c e  and t h i s  m a t e r i a l  
was non-epi taxial  and usua l ly  could be scraped  o f f  e a s i l y .  However, t h e  
growth on the  ( i i i )  s u r f a c e  was usua l ly  e p i t a x i a l  and o f t e n  smooth and 
sh iny .  W e  have no t  achieved uniform growth over t h e  e n t i r e  su r f ace  of t h e  
seed,  b u t  t h i s  may be  due t o  convection cu r ren t s  causing temperature and 
s o l u t e  concent ra t ion  d i f f e r ences  over t h e  sur face .  
A no te  should be made h e r e  concerning t h e  non-growth on t h e  (111) 
o r  ga l l ium sur face .  I n  t he  case  of Gap, GaAs and a l s o  i n  t h e  case  of 
1 1 - V I  compounds ( inc luding  CdS) we have observed t h a t  when se l f -nuc lea ted  
c r y s t a l s  a r e  grown from m e t a l l i c  s o l u t i o n s  one f ace  ( the  (111) su r f ace )  i s  
usua l ly  smooth and p l ana r ,  whereas t h e  oppos i te  s i d e  of t h e  c r y s t a l  has  s t e p s ,  
o t h e r  e p i t a x i a l  c r y s t a l s  and even e x h i b i t s  hopper growth. 
This observa t ion  toge the r  with the  observa t ion  of t h e  d i f f e r e n c e  
i n  growth on a  (111) s u r f a c e  and a  (Ti?) su r f ace  i n  t h e s e  ampoule experiments 
would i n d i c a t e  t h a t  t he  (111) s u r f a c e  i s  a very slow growing s u r f a c e  
compared t o  t h e  (Ti?) sur face .  It i s  p o s s i b l e  t h a t  t he  c r y s t a l  energy 
of t h e  (111) su r f ace  subjec ted  t o  a  gal l ium environment i s  s o  d i f f e r e n t  
from t h a t  of t he  ( i i i )  s u r f a c e  subjec ted  t o  a  gallium environment, t h a t  growth 
under t h e  near  equ i l i b r ium condi t ions  of s o l u t i o n  growth does n o t  t ake  p l a c e  
on t h i s  (111) sur face .  There may be another  explana t ion  f o r  t h i s  obser- 
va t ion  of t he  d i f f e r e n c e  i n  growth on a  (111) s u r f a c e  and a  ( i i i )  su r f ace .  
The (111) su r f ace  when pol i shed  gave a  mirror  l i k e  s u r f a c e  and t h e  ( i i i )  
s u r f a c e  gave a  matte f i n i s h e d  s u r f a c e  (see bottom of page 11 and top of 
page 12,  toward t h e  end of 111, A, 1 ) .  Growth on a mat te  s u r f a c e  would 
p r e s e n t  many r e - e n t r a n t  a n g l e s  f o r  growth t o  b e  i n i t i a t e d  whereas 
a ve ry  smooth p o l i s h e d  s u r f a c e  would n o t  p r e s e n t  many r e - e n t r a n t  a n g l e s .  
V. CONCLUSIONS AND RECOMMENDATIONS 
This r e p o r t  and t h e  accompanying hardware comprise an o p e r a t i o n a l  
u n i t  i nc lud ing  d e t a i l s  of assembly and opera t ion .  The c r y s t a l  growth 
ampoules i nc lude  s i n g l e  c r y s t a l  seeds ,  two of which have a  (111) s u r f a c e  
and one wi th  a  (100) face.  
As  a r e s u l t  of experiments done i n  t h i s  apparatus  a t  one 
g rav i ty ,  i t  i s  c l e a r  t h a t  although convection c u r r e n t s  have been g r e a t l y  
reduced i n  our  mode of opera t ion ,  convection does e x i s t .  As  a  r e s u l t  
i n t e r p r e t a t i o n  of t h e  r e s u l t s  obtained i s  not  c l e a r  c u t .  Among t h e  p o i n t s  
t h a t  can be  resolved by growth under zero g r a v i t y  condi t ions  a r e  t h e  
s u r f a c e  f i n i s h  of grown c r y s t a l  and t h e  e f f e c t  of convect ion,  t h e  r a t e  of 
h e a t  and s o l u t e  t r a n s f e r  unaided by convection, t h e  r a t e  and mechanism of 
seed d i s s o l u t i o n  i n  t h e  cold po r t ion  of t h e  ampoule, and t h e  e f f e c t  on 
growth of both se l f -nuc lea ted  and seeded c r y s t a l s  i n  a  convec t ionless  
environment. Although d e f i n i t i v e  answers cannot be expected i n  a  s i n g l e  
experiment,  much va luab le  information on t h e  way c r y s t a l s  grow and how more 
p e r f e c t  c r y s t a l s  can be made can be  expected. 
This p r o j e c t  up t o  t h i s  t i m e  p r e sen t s  a  v e r s a t i l e  package f o r  
a  number of d i f f e r e n t  types of s o l u t i o n  growth which can be  c a r r i e d  out  
w i th in  t h e  present  l i m i t a t i o n s  of power and temperature.  Not only can 
GaAs b e  grown from gallium, bu t  GaAs could be  grown from o t h e r  m e t a l l i c  
s o l v e n t s  such a s  t i n ,  indium, bismuth, and lead.  A l l  of t he  1 1 - V I  compounds 
of z i n c  and cadmium could be grown not  only from t h e i r  parent  m e t a l l i c  
element  b u t  a l s o  from t i n ,  l e a d ,  b ismuth,  g a l l i u m  and indium. There  is no 
r e a s o n  even more compl ica ted  c r y s t a l s  c o u l d n ' t  b e  grown, such  a s  s o l i d  
s o l u t i o n s  o f  1 1 1 - V  compounds, t e r n a r y  compounds, such  as ZnSnP2 and even 
h e t e r o j u n c t i o n s  such  as CdS on ZnSe. Indeed,  w i t h o u t  e x t e n s i v e  m o d i f i c a t i o n ,  
exper iments  i n  d i r e c t i o n a l  s o l i d i f i c a t i o n  of m a t e r i a l s  hav ing  moderate  
m e l t i n g  p o i n t s  can b e  performed. 
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